The thermal degradation of chitosan-Cu/ Ni/ Mn complexes at different heating rates in nitrogen was studied by thermogravimetric analysis (TGA) in the temperature range 30-500 0 C. Fourier transform-infrared (FTIR) was utilized to determine the microstructure of chitosan-metal complexes. The results of FTIR show that there are coordinating bonds between chitosan and cupric, manganese, nickel ions. The results of thermal analysis indicate that the thermal degradation of chitosan-Cu/ Mn/Ni complexes is a two-step reaction, which is related to water loss from the material, the deacetylation of the main chain and the cleavage of glycosidic linkages of chitosan, respectively. Characteristic temperature increases with the increment of heating rate and the impact of coordination of metal ion on the thermal degradation of chitosan is very significant. The kinetic parameters were determined by using Flynn-Wall-Ozawa method. The results show that the activation energy of the complexes is different but the variable tendency is similar.
Introduction
Chitin is abundant in the shells of animals such as shrimp, crab, insect, as well as in the cell walls of plants such as fungus and algae [1, 2] , and its output is just second only to the cellulose in nature. Chitosan, prepared by alkali deacetylation of chitin, is a nontoxic, positive charged and biodegradable polysaccharide [3] . An amino group in C2 and a hydroxyl group in C3 on its pyranose ring which are both of equatorial bonds, allow chitosan to chelate metal ions over a certain pH range [4] . The chelation of the chitosan with metal ions is the one of the most important properties of chitosan. Chitosan-metal complexes have found many applications in the wastewater treatment [5, 6] , the sorption of heavy metal ion from wastewater [7] [8] , the enrichment and examination of metal ion [9, 10] . The chitosan-transition metal ions complexes have anticancer and antibacterial activity [11] [12] [13] [14] . Chitosan metal complexes, which have some characteristic structure of natural enzyme such as larger molecular weight, containing metal ion, express good catalytic activity to many chemical reactions [15] [16] [17] [18] [19] .
Currently, most studies about chitosan-based metal catalyst concentrated in the following directions [18] : (1) characteristics of chitosan for the preparation of supported catalysts; (2) The morphology of the catalyst, such as colloids, flakes, gel beads, fibers and follow fibers, membranes , nanoparticles; (3) processes for metal immobilization and activation; (4) reactions catalyzed with chitosan-supported materials such as oxidation, hydrogenation, allylic substitution, polymerization, asymmetric dihydroxylation of olefins, carbonylation etc; (5) critical parameters for the preparation of chitosan-supported catalysts such as size of metal crystallites, metal content and oxidation state, porosity, diffusion and site accessibility etc; (6) main limitations to the spreading of heterogeneous catalysis supported on chitosan.
Chitosan-metal complex, is a polymer-metal catalyst. During the use of the catalyst, reaction conditions such as pressure, temperature etc. will seriously affect its catalytic activity. So the study of thermal stability of the chitosan-metal complex is very important. Unfortunately, there are few reports about the kinetics of thermal degradation of chitosan-metal complex. In order to systematically study the influence of types of transition metal ions and valence state of transition metal ion on the thermal degradation of chitosan, we continued to study the thermal degradation of chitosan-Cu/ Mn / Ni complexes by dynamic thermogravimetric analysis (TGA) and calculate their kinetic parameters using Flynn-Wall-Ozawa method, on the basis of previous work [20] . Figure 1 shows the FTIR spectra of the chitosan and its metal complexes. The characteristic FTIR bands of samples are listed in Table 1 . For chitosan, a strong and broad absorbent band centered at 3436 cm -1 is attributed to -OH asymmetrical stretching vibration and -NH 2 stretching vibration [21] . There are two absorption bands at 2921 cm -1 and 2855 cm -1 , which are attributed to -C-H stretching of the alkyl substituent [22] , The broad absorption band at 1670-1595 cm -1 is assigned as C=O in amide group (amide I band) and NH 2 in amino group [23] [24] [25] [26] . The absorption band at 1384 cm -1 is caused by the coupling of -C-N-stretching vibration, and the band which appears at 1083 cm -1 corresponds to the stretching of -C-O-C bond. The absorption band at 667 cm -1 is resulted from -N-H stretching vibration [27] . FTIR spectra of chitosan-metal complexes show the similar bands of chitosan, which obvious changes of wave numbers at 3436 cm -1 are observed, and a little change of absorption of amide I vibrations and NH 2 in amino group in chitosanNi is observed, NH 2 in amino group in chitosan-Cu and chitosan-Mn disappears and peak intensity decreases.The wave numbers of -C-O-C stretching vibration and the coupling of -C-N-stretching vibration decrease, and the wave numbers of -N-H stretching vibration of chitosan-Cu and chitosan-Mn decrease while that of chitosanNi disappear. Additionally, chitosan-Cu/ Mn/ Ni complexes exhibit a special band at 478cm -1 , these bands may be ascribed to the relationship between metal ion and N/O atom [28] . These results suggest an effective coordination between chitosan and metal ion via amine and hydroxyl functional groups.
Results and discussion

FTIR analysis
Tab. 1. IR spectra of chitosan-Cu/ Mn/ Ni complexes.
TG analysis -Effect of β on the process of thermal degradation of chitosan and its metal complexes The second peak appears 160-500 0 C. The characteristic temperatures for the two stages of thermal degradation of chitosan and its metal complexes are given in Table  2 . st T is the temperature of initial weight loss and max T is the temperature at maximum weight loss rate, that is the peak temperature on a differential thermogravimetry curve.
From Table 2 , it can be seen that all the degradation temperatures increase linearly with the increasing of heating rate, indicating that the degradation temperatures are mainly affected by  . The linear increment of thermal degradation temperatures along with the increasing of  is a result of the heat hysteresis [29, 30] .
At the first stage, max T of chitosan-metal complexes is higher that of chitosan. This is may be the reaction of chitosan with metal ions generated some pores helping to water molecules to enter, and these water molecules were crystallization, which led to the increase of dehydration temperature of chitosan-metal complexes. At the second stage, compared with chitosan, the characteristic temperatures of the chitosan-metal complexes have significant changes, lower chitosan-cupric/nickel complexes for higher chitosan-manganese. And in the complexes, the largest degradation peak splits into two or multiple peaks, indicating there may be the different degradation mechanism of complexes with chitosan.
The determination of activation energy of chitosan and its metal complexes
Flynn-Wall-Ozawa method is an integral method, and independent of the degradation mechanism. Eq. (7) was used, and the activation energy of chitosan and its metal complexes were obtained from plot of log  against 1000 / T at a fixed conversion with the slope of such a line being 
Conclusions
The thermal degradation of chitosan-Cu/ Ni/ Mn complexes in nitrogen is a two-stage reaction. The characteristic temperatures increase along with the increment of heating rate. The kinetic parameters involved in the thermal degradation of complexes were investigated by using Flynn-Wall-Ozawa method. The results show that the variable tendency of E  of complexes is similar to each other and their thermal degradation can be divided into two weight-loss phases: 0-0.15, 0.2-0.5. At the first stage, corresponding to the volatilization of low-molecular-weight materials such as water, a E is small, the average activation energy is 32.0kJ.mol 
Experimental part
Materials
-Chitosan
Chitosan was obtained by Shanghai greenbird science and technology development Co. Ltd (Shanghai, China), and its viscosity average molecular weight was 180 kDa, the degree of deacetylation of chitosan was > 90 %.
Synthesis of chitosan-metal complex
A mixture of 30 mL 1% acetic acid and 500mg chitosan in a beaker was magnetically stirred at 25 0 C for 1h, then appropriate amount of metal salt (MnSO 4 ·H 2 O, Ni(CH 3 COO) 2 ·4H 2 O, CuSO 4 ·5H 2 O) (mass ratio of chitosan and metal ion is 4:1) dissolved in 60 mL distilled water was slowly added into the beaker, stirred for 5h. Ammonia aqueous solution was then slowly added, until the pH value of the reaction solution was adjusted to 6.0-6.5. The reaction was stopped. The chitosan-metal complex was precipitated, filtered, washed several times with water and ethanol, then dried under vacuum oven.
Characterization of samples -FTIR analysis
A Perkin-Elmer Spectrum-GX-1 infrared spectrometer was used to obtain FTIR data. FTIR spectra were recorded in the wave number range of 4000 -400 cm -1 with a resolution of 4 cm -1 .
-Thermogravimetric analysis Thermogravimetric analysis (TGA) was performed on a Perkin-Elmer TG/DTA6300 system. The measuring accuracy of sample temperature was checked by the onset fusion temperatures of indium (156.6±0.2 0 C) and Sn (232±0.2 0 C) with heating/cooling dynamic segments. In this work, the mass of each sample was 5 -6 mg. The carrier gas was nitrogen at a flow rate of 50 mLmin -1 . The samples were heated from 30 -500 0 C at various values of  (5, 10, 15, 20, 25 0 C min -1 ) to record the thermogravimetric analysis (TGA) and differential thermogravimetric analysis (DTG) curves.
Data processing
The kinetic parameters of a thermal decomposition reaction can be evaluated by dynamic experiments. In thermogravimetric measurements, the degree of decomposition (conversion) can be calculated as follows:
where  is extent of decomposition,
W are the actual, initial and final mass of the sample, respectively. A typical model for a kinetic process can be expressed as:
where
is the decomposition rate,
, the function of  , depends on the particular decomposition mechanism.
K is the decomposition rate constant, which is assumed to obey the Arrhenius relationship:
where A is the pre-exponential factor (s -1 ), E  is the activation energy (kJmol -1 ), R is the gas constant (8.314 Jmol -1 K -1 ) and T is the absolute temperature (K). Substituting the Eq. (3) into Eq. (2), we obtain (1 ) exp( ) ( )
If the temperature of a sample is changed by a constant value of  ( / dT dt   ), the variation of the degree of decomposition can be analyzed as a function of temperature. Therefore, the decomposition rate gives: (1 ) exp( ) ( )
Separating the variable, rearranging and integrating eq. (5), it can be obtained: 
The activation energy( E  ) is determined over a wide range of decomposition by plotting log  against 1/T at constant value of  .
